Leukemia adults before. To our knowledge, this is the first reported case of AML-M0 with such atypical cytogenetics and immunophenotyping presentation.
Thus, elucidating the mechanisms of leukemogenesis in multipotent precursors is of particular importance to provide new tools to diagnose AML-M0 as a distinct entity among acute undifferentiated leukemias. In our case, the bilineage differentiation ability of the blasts contrasted with their unusual phenotypic profile, and this new t(11;19)(p11;?) could stand for a marker of immaturity, like 11q23 rearrangements and t(9;22), contrasting with a quite good response to chemotherapy at least during induction therapy. MLL-AF6 fusion resulting from a new three-way translocation t(6;11;7) in a patient with acute myeloid leukemia
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Translocations involving the chromosomal band 11q23 are demonstrated in the majority of infant acute lymphoblastic leukemias (ALL), in acute myeloid leukemias (AML), as well as in myelodysplastic syndromes (MDS) and lymphomas. 1 The majority of these translocations cause the rearrangement of the MLL gene, mapped at band 11q23, which breaks between exons 8 and 14. 2 The MLL gene encodes a 431 kDa protein with significant homology to Drosophila trithorax protein. The normal physiological role of this gene has not yet been elucidated. 3 The MLL gene is involved in approximately 10% of adult and childhood acute leukemia cases, in up to 80% of acute leukemias in infants less than 1 year of age and in the majority of therapy-related leukemias that follow treatment with DNA topoisomerase II inhibitors. 4 The most common reciprocal translocations are the t(4;11) and t (11;19) in ALLs, and the t(6;11), t(9;11) in AMLs. 1 Other chromosomes are involved in recurring translocations with 11q23 region in acute leukemias, including chromosomes X, 1, 2, 10 and 17. 5 We now report a case of AML, FAB type M1, with an apparent 11q23 deletion, an apparent t(6;7) translocation and trisomy 8 on karyotype analysis.
A 64-year-old female was diagnosed in November 1999 as having an acute myeloid leukemia, FAB type M1. This patient was never exposed to topoisomerase II inhibitors or to other genotoxic agents. Hemoglobin was 7.3 g/dl, white blood cell count was 1.3 × 10 9 /l, platelet count was 96 × 10 9 /l. The patient did not respond to the treatment with Mini-MICE (mitoxantrone, etoposide, cytosine arabinoside). In January 2000, the patient died in first aplastic phase because of widespread vascular cerebral thrombosis.
Cytogenetic analysis was performed on bone marrow cells with standard techniques and we observed a 11q deletion associated with a translocation which, at standard cytogenetic analysis, was con- sidered as a balanced translocation between chromosomes 6 and 7; our first interpretation on G-banding metaphases was 47,XX,der (6)t(6;7)(q27;q22),+8,del(11)(q23) (10/10 metaphases) ( Figure 1 ). Fluorescence in situ hybridization (FISH) was performed on nuclei from cytogenetic pellet. The FISH analysis was done with a Leitz DMRB fluorescence microscope equipped with a cooled black and
Figure 1
The karyotype showed a 11q23 deletion, an apparent t(6;7) translocation and a trisomy 8.
Figure 2
Double-color metaphases-FISH analysis of MLL rearrangements: pacs clones 217A21 (green) cover the 5Ј MLL and 167K13 (red) cover the 3Ј MLL. It showed a double color (red and green) signal on the normal chromosome 11, a red signal on the der(11) and a green signal on the der(7) (arrows).
white CCD camera run by SmartCapture software (Vysis, Stuttgart, Germany).
The MLL gene was investigated with a combination of two pacs clones (217A21 and 167K13) from a pacs library (RPCI), that cover the MLL gene, detecting the 3Ј and 5Ј MLL regions, with a minimal overlap in the breakpoint cluster region. 6 These probes detect the majority of rearrangements at the MLL gene locus by showing a double color (red and green) signal on the normal chromosome 11, a red signal on the der(11) and a green signal on the partner of chromosome 11. No green signal is visible in case of chromosome 11 deletion. These probes were labeled by standard nick-translation using biotin-11-dUTP and digoxigenin-11-dUTP (Boheringer, Mannheim, Germany). The FISH analysis showed split signals and thus rearrangement of the MLL gene in 78.7% of interphase cells. In metaphases, we found that the 5ЈMLL was retained on the der(11) and the 3ЈMLL was translocated to the der(7) (Figure 2 ). These data suggested that a complex translocation had occurred.
In addition we tested a combination of chromosome 6, centromeric probe (D6Z1), directly labeled with FITC, and digoxigenin labeled probes (Oncor) which hybridize both with the centromere (D7Z1, ␣-satellite) and the telomeric region (7q36ter) of chromosome 7. On methaphase cells, we showed that the 7q was translocated on the der(6) ( Figure 3 ). Finally, we used a combination of two different probes, specific for the centromere of chromosome 11 (D11Z1) directly labeled with Texas Red and for the subtelomeric region of chromosome 6 (6qsubtel) labeled with biotin-11-dUTP and we demonstrated that the distal region of 6 was translocated on the der(11) (Figure 4) .
On the basis of these results, we reclassified the chromosomal abnormality as a three-way translocation t(6;11;7)(q26;q23;q22).
For Southern blot analysis of the MLL gene, DNA was digested with the restriction enzymes BglII and BamHI, run on 0.8% agarose gel, and subjected to the Southern blotting procedure. The probe used in this study was a 800 bp cDNA corresponding to a 8.3 kb BamHI genomic fragment (exons [8] [9] [10] [11] [12] [13] [14] , which includes the 6.5 kb MLL major breakpoint region. 2 Southern analysis showed two bands of rearrangement in addition to the germline fragment, confirming that the MLL gene was broken inside the classical cluster region.
Due to the presence of the 6q terminal region on the 11q23, we suspected a break in the AF6 gene locus. Total RNA was obtained from leukemic cells; cDNA was synthetized from total RNA with Moloney murine leukemia virus (MoMLV) reverse transcriptase (Perkin Elmer, Norwalk, CT, USA). The PCR reaction was performed on a 2400 Thermal Cycler (Perkin Elmer); amplification was done with 35 cycles at 92°C for 30 s, 62°C for 45 s and 72°C for 45 s. At the end 10 l of amplified product was run on a 2% agarose gel and visualized by ethidium bromide staining.
Primers for MLL and AF6 genes were used as described. 7 The presence of a fusion between MLL and AF6 was confirmed by a positive RT-PCR reaction.
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Figure 3
A dual color FISH analysis on methaphase cells with a 7q36qter probe (red) which hybridize both with the centromere (D7Z1, ␣-satellite) and the telomeric region (7q36ter) (red) and a centromeric cromosome 6 probe (green). They showed the 7q moving on der (6) . Arrows point to the 7q− (red centromere) and to the der(6) (green centromere and red telomeric signal from chromosome 7).
Figure 4
A combination of two different probes, specific for the centromere of chromosome 11 (red) and for the subtelomeric region of chromosome 6 (6qsubtel, green) demonstrated that the distal region of 6 was translocated on the der(11) (arrow). The AF6 has been described as a partner of MLL in acute myeloid leukemias carrying a translocation t(6;11)(q27;q23).
1 AF6 is expressed in a variety of cell types and encodes a protein of 1612 amino acids. The protein contains short stretches rich in prolines, charged amino acids, serines or glutamines. In addition, the AF6 protein contains GLGF motif shared with several proteins of vertebrates and invertebrates thought to be involved in signal transduction at special cell-cell junctions. 8 Molecular, cytogenetic and FISH allowed classification of the chromosomal rearrangement observed in our patient as a three-way translocation t(6;11;7)(q27;q23;q22), with a fusion gene MLL/AF6. This new abnormality might be considered as a complex t(6;11), which also is often undetected by conventional cytogenetics.
Complex translocations have been previously described for most classical translocations such as t(9;22), t(8;21) and t(15;17). 9 They are associated with the same fusion gene typical of the simple balanced translocations. FISH analysis has allowed demonstration of the fact that complex translocations are the result of multiple chromosomal rearrangements, which often include deletions. 10 In a series of 30 cases with t(6;11) reported in the literature, no complex translocation were described; however, one case was originated by a direct insertion of 6q27 in 11q. 11 As observed in our patient, association with numerical abnormalities, including trisomy 8, was reported and prognosis was poor. Our case shows that MLL/AF6 fusion may arise as a result of a complex three-way translocation involving chromosomes 6, 11 and 7. 
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